3230 J. Phys. Chem. 002,106, 3230-3234

Study of Preferential Solvation in Mixed Binary Solvent as a Function of Solvent
Composition and Temperature by UV—Vis Spectroscopic Method
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Preferential solvation oN-ethyl-4-cyanopyridinium iodide and 2,6-diphenyl-4(2,4,6-triphenyl-1-pyridino)-
phenolate [Reichardt’s#30) dye] has been studied in etharotetrahydrofuran, ethanet acetonitrile and
acetonitrile+ tetrahydrofuran binary mixtures as a function of temperature and composition of mixed binary
solvents. It has been found that besides setgtdvent interaction, solventsolvent interaction plays an
important role in determining the solvation characteristics.

Introduction chardt’s E(30) dye in three mixed-binary solvents. It is known
that the maximum transition energy for these compounds
depends on the solvent polarity and acidity (HBD ability) and
is rather insensitive to the basicity of the me#li4.16 We have

Solvation of a solute in a mixed binary solvent is a subject
of current interest. Experimental evidence suggests that the

so:ute_ may ir?duce a chané;e inhthg sc;}lveb%lgorﬁpoiition In the chosen solvent mixtures where the cosolvents differ with respect
solvation sphere compared to that in the bt .The Phenom- - 4 acidity and/or polarity. Thus ethanol (ETOH)acetonitrile
enon is termed as “preferential solvation” (PS) and its origin is (ACN), ETOH + tetrahydrofuran (THF), and ACN- THF
believed to be _due to_ a dlfferencg in sokmlvent anql binary mixtures have been used to study PS characteristics at
solvent-solvent interaction. Electronic spectroscopy provides . "« temperatures (298 4813 K). Results have been

a suitable method for studying the phenomenon. It has been, oy 7eq in terms of existing models of preferential solvation.
observed that the maximum energy (E) of charge-transfer

transition in various solutes acts as reporter of local composi- Experimental Section
tion>67 and reflects the solutesolvent and solventsolvent
interaction at the microscopic level, embodying both nonspecific

and specific modes of solvation. Usually, three parameters, btained ift f f h ichardt. Th
namely, solvent polarity-polarizability, H-bond donation (HBD) obtained as a generous gitt from Professar Ch. Rel_c ?r L. The
solvents were dried by standard proced¥r€ommercial “dry

ability or solvent acidity, and H-bond acceptance (HBA) ability - . . )
or solvent basicity have been characterized to represent theethanol was refluxed for several hours with calcium oxide and

various modes of solutesolvent interaction. These parameters '_[hen distilled. Traces of rr_loi_sture and ot_he_r ox_idizab_le impu_rities
are represented, respectively, by the solvatochromic parameter%q th_e splvents_ were e_||m|nated by d|§t|llat|on W'th calcium
7*, o.andf3® or SPP, SA and SBdescribe the different modes ydride immediately prior to the experiment. Mixed solvents
of solvation interaction in pure solvent. An experimentally were prepared by addmg the com'pon.ent soIvenFs by volume.
determined parameter in pure solvent can be fitted to a multiple Cz_ar_e was take_n to avoid contamination by moisture during
linear correlation equation involving these empirical parameters. MiXINg. Absorption spectroscopic measurements were taken on
Recently!? it has been found that the parameters SPP, SA, and? SHIMADZU UV 2101 PC spectrophgtomeper. The temper-
SB may also be utilized for characterizing solvent mixtures. ature was controlled to withif0.5 K by circulating water from
They provide a good description for the “iso-solvation point,” a “_‘?”T‘OStat SHIMADZU .TB'85' To ensure that thermal
where the solvent molecules in the mixtures are assumed toeqwhbnum_had been e;tabhshed, data were recorded only when
contribute equally to the solvation sphere. Several theoretical the absorption at a particular wavelength attained a steady value.

studies have been made to interpret PS in terms of selute To check the reprot_jucibility, the band maximum value was
solvent and solventsolvent interaction8:12 Although all the taken for several replicate measurements. The values were within

theoretical models point to temperature dependence of PS,il 4nm. The concentration of the solute "W.'ed fronT 36
studies in this respect are very scanty. Our preliminary sttidies 107* (M) depending on the solvent composition.

on the effect of temperature on the PS characteristibsethyl-
4-cyanopyridinium iodide and 2,6-diphenyl-4(2,4,6-triphenyl-
1-pyridino)phenolate [Reichardt'stB30) dyef in an ethanol Position of the CT band maximum shifts to the red with an
+ acetone mixture, indicate that solvent nonideality plays a increase in percentage of the relatively less-polar component
significant role in modifying PS. But studies on a variety of in the binary mixture. Increase in temperature also brings about
solvent mixtures are needed to get a detailed picture so thata red shift. The CT band in solution for both the solutes appear
generalization is possible. To this end, we have studied the PSas broad and structureless, rendering the position of the band

characteristics oN-ethyl-4-cyanopyridinium iodide and Rei- ~maximum somewhat inaccurate (withifl nm). However, the
overall band shift is greater than this inaccuracy. Solvato-

*To whom correspondence should be addressed. E-mail: bsanjibb@ thermocromism of the band is continuous and reversible, the
yahoo.com. bandwidth and shape do not change in the temperature range
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N-ethyl-4-cyanopyridinium iodide was prepared by the method
described in the literaturé.A sample of the 30) dye was

Results and Discussions
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TABLE 1: Values of Maximum Transition Energy ( E1y), E1J@a), PS Index @s;) and Kps in Different Solvent Mixtures at 298
K

etha nol (1 H acet onitri le (2) etha nol (1} tetra hydr ofura n (2) acet onitri le (#) tetra hydr ofura n (2)
X1 Ei? Ejlideah a Os1 Kps Eq2® Ejpdeaba Os1 Kes Eq2® Ejgideaba Os1 Kps
Rei char dt’'s E( 30) dye®
0.0 46.0 46.0 37.6 37.6 0.00 37.6 37.6 0.00
0.1 49.8 46.6 -——- -—-- 42.7 39.1 0.21 4.73 39.3 384 0.10 2.28
0.2 51.8 47.3 45.8 40.6 0.33 4.97 40.6 39.3 0.16 2.22
0.3 52.9 47.9 -——- -—-- 47.9 42.0 0.38 5.34 41.7 40.1 0.18 2.22
0.4 53.4 48.6 49.2 43.5 0.38 5.44 42.4 41.0 0.18 2.00
0.5 53.5 49.2 50.0 45.0 0.33 5.17 43.0 41.8 0.15 1.80
0.6 53.2 49.8 50.4 46.5 0.26 4.27 435 42.6 0.11 157
0.7 52.9 50.5 50.6 47.9 0.18 3.10 44.0 435 0.07 1.37
0.8 52.5 51.1 - -—-- 50.9 49.4 0.10 2.22 44.5 44.3 0.03 1.15
0.9 52.3 51.8 51.4 50.9 0.03 1.53 45.2 45.2 0.00 1.06
1.0 52.4 52.4 52.4 52.4 0.00 46.0 46.0 0.00
N-et hyl- 4-cy ano pyri dini um iodi de
0.0 67.8 67.8 0.00 55.0 55.0 0.00 55.0 55.0 0.00
0.1 70.9 68.7 0.25 4.89 60.5 57.2 0.13 3.07 57.1 56.3 0.08 1.77
0.2 72.9 69.6 0.39 5.51 64.2 59.3 0.20 2.97 58.9 57.6 0.13 1.75
0.3 74.2 70.4 0.43 6.22 66.9 61.5 0.23 2.86 60.4 58.8 0.15 1.70
0.4 74.8 71.3 0.40 5.83 68.8 63.6 0.22 2.65 61.7 60.1 0.15 1.65
0.5 75.1 72.2 0.33 4.87 70.2 65.8 0.19 2.38 62.7 61.4 0.14 1.51
0.6 75.1 73.1 0.23 3.24 71.3 68.0 0.14 2.05 63.6 62.7 0.11 1.37
0.7 75.0 74.0 0.13 1.93 72.3 70.1 0.08 1.72 64.5 64.0 0.08 1.23
0.8 75.2 74.8 0.04 1.32 73.4 72.3 0.04 1.44 65.3 65.2 0.05 1.03
0.9 75.6 75.7 0.00 0.87 74.8 74.4 0.01 1.22 66.2 66.5 0.02 0.78
1.0 76.6 76.6 0.00 76.6 76.6 0.00 67.8 67.8 0.00

akcal mol. P Uncertainty inE;, and E;i9¢a) 0.1, uncertainty irkps 0.2, uncertainty inds; 40.02.¢ Uncertainty inE;, and Ejx@ea) +0.3,
uncertainty inKps 0.4, uncertainty inds; +0.03.

TABLE 2: Values of dE1,/dT as a Function of Solvent Composition in Various Solvent Mixtures

dE;/dT?
Reichardt’s E(30) dye N-ethyl-4-cya no pyridinium iodide
ethanol (1)+ Ethanol (1)+ acetonitrile (1t ethanol (1)+ acetonitrile (1)+
X1 acetonitrile (2) tetrahydrofuran (2) tetrahydrofuran (2) acetonitrile (2) tetrahydrofuran (2)
0.0 —0.02 —0.02 —0.02 —0.04 —0.03
0.1 —0.03 —0.03 —0.02 —0.07 —0.02
0.2 —0.04 —0.04 —0.02 —0.08 —0.02
0.3 —0.04 —0.04 —0.02 —0.08 —0.02
0.4 —0.05 —0.05 —0.02 —0.07 —0.02
0.5 —0.05 —0.04 —0.02 —0.05 —0.02
0.6 —0.05 —0.04 —0.02 —0.04 —0.03
0.7 —0.05 —0.04 —0.02 —0.03 —0.03
0.8 —0.04 —0.04 —0.02 —0.03 —0.04
0.9 —0.04 —0.03 —0.02 —0.04 —0.04
1.0 —0.03 —0.03 —0.02 —0.06 —0.04

akcal molt K1,

studied and no isosbestic point is observed in the spectrum. All 1 and 2 represent the component solvents. The valuggfa)
these facts indicate that the shift of band maximum is not causedare also listed in the Table 1. Note that the observed values of
by change of equilibria between different chemical species in g, differs from E; 4¢3 values significantly for ETOH- ACN
solution. The observed band-shifts were independent of the gnd ETOH+ THE mixtures. For the ACN- THFE mixture the
concentration of the solute in the range of concentration studied geyiation of the observed value from the ideal value is relatively
indicating the absence of solteolute interaction. small. Deviation of an observed solute property from the ideal
V?llues OT maximum transition e_ner@lz, expr(_e_ssed in keal value is often described in terms of preferential solvation of
mol * for different systems at various compositions at 298 K the solute?36.7.19.20The positive value of the deviation indicates

are listed in the Table 1. For a fixed compositi&h; is a linear that th lute i \ated pref tiallvy by th vent
function of temperature (T), but the value @;,/dT depends at Ine solute 1s solvated preterentially by the solvent compo-

on the solvent composition (Table 2). For an “ideal” solvation nent hav_lng a highe€ value. Thus, both th_e _solutes are
behavior, the observed value of transition energy in a binary preferentially solvated by ethanol over acetonitrile or tetrahy-
solvent mixture,E;,, would be given by the mole fraction ~ drofuran over the entire composition range. It is known that
average value of the transition energies in pure component€thanol interacts with the molecules of the solutes specifically
solvent€ Thus through hydrogen bonding interactiern.1 Thus the preference
of ethanol over ACN (or THF) can be rationalized in terms of
E,,"* = x E, + X,E, (1) a difference in the specific interaction (through hydrogen
bonding) of the solute molecule with the component solvents.
In the above equatioxnrepresents mole fraction and subscripts Small differences of acidity and polarity-polarizability of the
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solvents lead to a small extent of PS in the case of the ACN
THF mixture.

It was shown earlier that if we neglect solveisblvent
interaction during a spectroscopic transition, the obseBsed
values are given b§2!

Ep=%"E + % E; X" +x"=1 @)
wherex represent the local mole fraction of the ith solvent
component.

The extent of PS is often represented by the dimensionless
quantity

0, =[Eqp— Elz(ideal)]/ (Ey — B) = (Ep — X — %E)/
(El - Ez) (3)

We have from eqs 2 and 3

01 =%"—% (4)
Thus the dimensionless parametér, represents the excess or
deficit of the component 1 in the local region with respect to
the bulk. The values are also given in the Table 1. In our
calculation, we have chosen the more polar of the two
component solvents as the component 1. Another parameter
suitable for describing the temperature variation of PS charac-

teristics is given as follows.

Kes= (Xlez)/ (XZLxl) )

The value ofKps may be obtained from the experimentally
determined parameters as,

Kps=[(E1o — EQ/(E; - E)I(X,/Xy) (6)
The parameteKps is related to the equilibriuki
2+1==1+2 )

where1 and 2represent component solvent molecules in the
local (cybotactic) region, whild and 2 represent those in the
bulk. In this context, note that for Reichardt’s(80) dye in
ethanoH- acetonitrile, the value d;, attains a maximum value

in an intermediate solvent composition={¥y ~ 0.5). Similar
behavior has also been observed for this system by other
workers??2 Maximum or minimum of several properties for
aqueous-organic binary mixtures also finds support from
molecular dynamics simulation studies, where strong water-
cosolvent interaction has been indicatéc?® Appearance of an
extremum in an intermediate composition cannot be explained
in terms of eq 2, wher&;, is written as a weighted average.
As stated eatrlier, eq 2 is valid when solvesblvent interaction

is small, but it may not be valid in the event of existence of
strong solventsolvent interaction. In the present case, the
results may be explained in terms of strong ETOH-ACN
interaction, presumably due to formation of 1:1 hydrogen bond
between the solvent components. The valuedE$/dT for this
solvent mixture also show a maximum at 1:1 molar ratio of
solvents. Thus, determination of local mole fraction for this
solvent mixture using #30) dye is not possible. The values of
01 and Kps calculated for other cases have been listed in the
Table 1.

Expression forKps can be obtained by using the existing
models of PS~1! For ‘pseudo-ideal’ solvent behavior, i.e., in
absence of solventsolvent interaction, all the models indicate
that Kps would be independent of solvent composition at a

Laha et al.
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Figure 1. Plot of InKpsVvs X (mole fraction of more polar component)
in mixed binary solvents. (aN-ethyl-4-cyanopyridinium iodide in
ethanol+ acetonitrile @), ethanol+ tetrahydrofuran®) and aceto-
nitrile + tetrahydrofuran 4£) (b) Reichardt’s E(30) dye in ethanoh-
tetrahydrofuran @) and acetonitrilet tetrahydrofuran £).

constant temperatufé Variation ofIn Kpsat constant temper-
ature as a function ofxis shown in the Figure 1. The values
of In Kps are indeed dependent on the solvent composition,
indicating that solvent nonideality plays a role in determining
the PS characteristics. We now discuss the effect of solvent
nonideality on PS in the light of different models. According
to the two-phase model of saition!! where the solvent
molecules are assumed to be distributed between the local and
the bulk phase at equilibrium, the value Kfs is determined

by solute-solvent and solventsolvent interaction and can be
expressed as

KT InKos= [ep — €] + [(N; = Np)eg, — (Nlo - Nzo)€120 -
Nyey; + Nlo'fll0 1 Nyeyp — Nzofzzo + (€11~ €92 —
(€1 — €,,)/2] (8)

hereesi andejj are energies of solute-i-solvent and i-solvent-j-
solvent interactionsl\; is the number of i-solvent molecules,
and the superscript O indicates the bulk phase. Terms in the
first square bracket in the right-hand side of eq 8 are the
contribution of solute-solvent interaction, while the terms in
the second square bracket are due to solvent nonideality effect.
Whenegr = €2 = €12 and € = ¢€;° the term in the second
square bracket becomes zero. Only under this condition (pseudo-
ideality), will the value ofin Kpsbe independent of the solvent
composition. To get an idea about the variatiodroKps with
solvent composition, we proceeded as follows. The eq 8, with
the assumptiory; = €;° meaning that interactions between
solvent components in the local region are the same as that in
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TABLE 3: Values of AH (kJ mol~1) as a Function of Solvent Composition

Reichardt’'s E(30) dye N-ethyl-4-cyano pyridinium iodide
ethanol (1)+ acetonitrile (1 ethanol (1)+ acetonitrile (1
X1 tetrahydrofuran (2) tetrahydrofuran (2) acetonitrile (2) tetrahydrofuran (2)
0.1 —-254+04 -1.240.2 -9.24+1.4 3.6+ 05
0.2 —3.4+05 —0.3+0.02 —10.8+1.6 3.4+ 0.5
0.3 —4.3+0.6 0.0+ 0.02 -11.3+£1.7 3.4+ 05
0.4 72411 1.6+0.2 —7.44+1.1 3.1+ 0.5
0.5 —4.8+0.7 3.1+ 0.5 2704 2.2+0.3
0.6 —3.7+£0.6 0.8+ 0.1 119+ 1.8 1.7£0.3
0.7 0.0+ 0.02 6.4+ 1.0 20.7+ 3.1 0.0+ 0.02
0.8 1.5+0.2 7.3+ 1.1 25.7£3.9 -1.64+0.2
0.9 2.3+0.3 8.2+ 1.2 27.6+4.1 —3.3+05
30 interaction, the value is expected to depend on the bulk
composition. The negative/positive value Ml indicates that
20t @ heat is liberated/absorbed in the process. From the eq 9 we get
- — L
-IE ok —AHIN, = (eg,— €59 + 2(N; + N A€ [(X, — %) +
= / X (1 — (N + Nlo + N+ NZO)/2(N1 +Np)] (10)
z Of / .
/ whereAei, = 2e12 — €11 — €22 andNa is the Avogadro number.
o ;\Li/{ In our experiment, solvent component 1 is the more polar
0r — component [e.g. in th&r(30) scale] and thus it interacts with
o 02 0% ot o 1 the solute to a greater extent. Considering thavalues are
X, — negative quantities, we havesg esj) as a positive quantity. In

the present case, the first term in the square bracket in eq 10 is
positive - > x;), but the second term is negative and largely
compensates the positive termy(-Ni%+No+Ny2 > Ni+Ny).

Thus a negative value ofe;, would makeAH negative. A
positive value ofAe;2, on the other hand, would mak&H
positive or slightly negative, depending on the relative magni-
tudes of solutesolvent and solventsolvent interaction. The
following general observation may now be made from A
values (obtained within the limit of experimental inaccuracy of
ca. 15%). For ACN+ THF mixture using both the solutes, the

+ value of AH is positive or slightly negative. This can be
10 ) . ) ) , explained by assuming a positive sign/of;,, which indicates
0 02 04 06 0’8 1 that interaction between like-solvent molecules is relatively
x, — greater than that between unlike-solvent molecules. Thus, the

Figure 2. Plot of AH vs x; (mole fraction of more polar component) ~ Present results indicate that the component solvent molecules
in mixed binary solvents. (a)-ethyl-4-cyanopyridinium iodide in  repel each other in ACN- THF mixture. There is, however, a

ethanol+ acetonitrile @) and acetonitrilet tetrahydrofuran £) (b) difference in solvation behavior for the two solutes at the
Reichardt’s E(30) dye in ethanot tetrahydrofuran®) and acetonitrile acetonitrile end. For the 4£30) dye, the value ofAH is
+ tetrahydrofuran 4). approximately zero within experimental uncertainty, where the

mole fraction of ACN ranges from 0.0 to 0.4. Beyond this
region,AH shows an increasing trend as the mole fraction of
_ L the ACN increases. Thus, when the mole fraction of ACN is
KTIn Kos = (eso = €59) 1+ 2Ny + N)Aeo[(X,™ = X)) + high, the effect of solvertsolvent interaction predominates.
X (L — (N, + NlO +N,+ NZO)IZ(Nl + N,))] + constant(9) This is consistent with the self-aggregation of ACN molecules
in this region. Probing the solvensolvent interaction using
whereAei, = 2¢12 — €11 — €22 N-ethyl-4-cyano pyridinium iodide as the indicator solute also
According to eq 9 for a fixed solvent composition, a plot of points to a positive value ole;,. But a decreasing trend is
In Kps versus UT would thus be linear, provided that the observed, however, as the percentage of ACN in the mixture
coordination number of the solutB;+N,, is independent of increases. The ETOH THF mixture studies, using thetE
temperature. A linear plot, as found in the present case, indicates(30) dye, indicate a negative value &AH particularly around
that in the small temperature randé,+N, may be taken as  x; ~0.5. This is also true for the ETOH ACN mixture for
approximately constant. This approximation, however, is not N-ethyl-4-cyanopyridinium iodide in the composition range 0

the bulk, gives

valid for a wider temperature rang&The values ofAH for < x1< 0.5. The results indicate that in this mole fraction range
the equilibrium (eq 7) obtained from the slopeloKpsversus the solvent components attract each other. This may rationalized
1/T plot for various system are given in the TableA3 values in view of attractive interaction between ETOH and the

depend on solvent composition, as may be seen from the Figurecosolvent (ACN/THF), possibly through hydrogen bonding. In
2. AH represents the heat change associated with replacementhe alcohol-rich region the self-associated structure of ETOH
of one molecule of 2 in the local phase by one molecule of 1 predominates, makinge, positive. A positive value foAH

in the bulk. As such, due to the existence of solvesdlvent results.
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Conclusion

Electronic spectroscopic study using suitable-indicator solutes

Laha et al.

(8) Kamlet, M. J.; Abboud, J. L. M.; Abraham, M. H.; Taft, R. .
Org. Chem.1983 48, 2877.

(9) Marcus, Y.Aust. J. Cheml983 36, 1719;J. Chem. Soc., Faraday

may be used to investigate PS characteristics in a binary solvenfTrans. 11988 84, 1465.

mixture as a function of temperature and solvent composition.
The extent of PS depends primarily on the difference of specific

(10) Covington, A. K.; Newman, K. E.; Lilley, T. HJ. Chem. Soc.,
Faraday Trans1973 69, 973.
(11) (a) Chatterjee, P.; Bagchi, $. Phys. Chem1991, 95, 3311. (b)

solute-solvent interaction. Be5|des a difference in the interaction Banerjee, D.: Laha, A. K.. Bagchi, 8. Chem. Soc., Faraday Trark095
of the solute molecules with the molecules of the component 91, 631.

solvents, PS characteristics are modified by solveotvent
interaction in a mixed binary solvent.

Acknowledgment. The authors are grateful to UGC, India
[DSA Program] for financial support. A generous gift of the

Er(30) dye from Professor Ch. Reichardt, Marburg, Germany

is gratefully acknowledged.

References and Notes

(1) Catalan, J.; Diaz, C.; Garcia-Blanco, F.Org. Chem200Q 65,
9226 and the references therein.
(2) Marcus, Y.lon Sobation; Wiley: Chichester, 1985.
(3) Covington, A. K.; Newman, K. EPure Appl. Chem1979 51,
41

(4) Chatterjee, P.; Bagchi, S. I8okation Dynamics and Charge-
Transfer ReactionsBagchi, B., Krishnan, V., Eds.; World Scientific:
Singapore, 1991; p 183.

(5) (a) Reichardt, CSobents and Seknt Effects in Organic Chemistry
2nd ed.; VCH: Weinheim, 1988. (b) Reichardt, Chem. Re. 1994 94,
2319.

(6) (a) Chatterjee, P.; Bagchi, $.Chem. Soc., Faraday Trans99Q
86, 1785. (b)ibid 1991, 87, 587.

(7) Dawber, J. G.; Ward, J.; Williams, R. A. Chem. Soc., Faraday
Trans. 11988 84, 713.

(12) Chandra, A.; Bagchi, Bl. Chem. Phys1991, 94, 8386.

(13) Laha, A. K.; Das, P. K.; Banerjee, D.; Bagchi,J5.Chem. Soc.,
Faraday Trans.1996 92, 1499.

(14) Marcus, Y.Chem. Soc. Re 1993 22, 409.

(15) Greenberg, M. S.; Bodner, R. L.; Popov, All1Phys. Cheml973
77, 2449.

(16) (a) Medda, K.; Chatterjee, P.; Pal, M.; BagchiJSSoln. Chem.
199Q 19, 271. (b) Medda, K.; Chatterjee, P.; Chandra, A. K.; Bagchd.S.
Chem. Soc. Parkin Trans 11992 343.

(17) Mackay, R. A.; Poziomek, E. J. Am. Chem. Sod97Q 92, 2432.

(18) Wiessberger, ATechniques of Organic Chemistrinterscience:
New York, 1955; Vol. 7.

(19) Suppan, PJ. Chem. Soc., Faraday Trans992 88, 963.

(20) Ben-Naime, AJ. Phys. Cheml1989 93, 3809.

(21) Medda, K.; Pal, K.; Bagchi, S. Chem. Soc. Faraday Trand988
84, 1501.

(22) Koppel, I. A.; Koppel, J. BOrg. React.(USSR) (Engl. Trans1983
20, 523.

(23) Kovacs, H.; Laaksonen, Al. Am. Chem. Sod 991, 113 5596.

(24) Vaisman, . |.; Berkowitz, Max LJ. Am. Chem. S0d.992 114,
7889.

(25) Ferrario, M.; Haughney, M.; McDonald, Lan R.; Klein, W1.Chem.
Phys.199Q 93, 5156.

(26) Bagchi, S.; Chowdhury, Ml. Phys. Chem1976 80, 2111.



